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The NASA-Acnes Research Center 40 x 80 Foot Wind Tunnel was utili??; 4 d as 
a principal test facility to evaluate the influence of inlet aeroacoustic de*> 
sign and other forward velocity-related effects on the inlet-radiated fan 
noise of a small turbofan engine. Three inlet geometries were specifically 
evaluated, with concentration on the influence of the circumferential static 
pressure distortion aerodynamically induced as a result of the inlet design. 

In addition, test environmental cons idertt ions were evaluated by performing 
outdoor static teats using a turbulence control device and comparing these 
acoustic measurements to those obtained in the wind tunnel. The effect of 
the fan operating line on acoustic characteristics and the effectiveness of 
a bulk absorber treatment design were also investigated. 

The influence of the test environment on the fan-radiated tones was very 
significant. Typical reductions of 10 to 15 dB in the first, secotd, and 
third harmonics of the blade passage frequency (BPF) were measured v\pon uti- 
lization of a turbulence control structure (TCS) for outdoor static testing 
or testing in the wind tunnel at a forward velocity of 41 m/sec (135 ft/s). 

The comparison of outdoor static with TCS and wind tunnel broadband acoustic 
data indicated differences on the order of 1 to 3 dB at frequencies above 1 
kHz. The cause of these differences may be related to dynamic effects, 
c»fangeo in the turbulence spectrum interacting with the fan to produce 
jis.<Lee, or transmission effects through the TCS, The tonal directivities be- 
tween wind tunnel and outdoor TCS testing were generally in fair agreement 
in level, but shifts in the angular energy distribution were apparent. The 
cause of these shifts may in part be due to forward velocity-related coordi- 
nate transformations. However, lip shape and inlet flow-field effects may 
also be important contributing factors, and redirection of the sound field by 
introduction of the TCS should not be discounted. In general, the tonal direc- 
tivities were more lobular in the wind tunnel testing and had broader humps in 
outdoor static (TCS) testing. 

The treatment design evaluated was very effective in suppressing the 
BPF tone at typical sideline angles. Narrowband suppressions of up to 20 dB 
were achieved in the tip speed range corresponding to a high flap approach. 

This suppression translated into a rather modest 3- to 5-dB effect when 
scaled and extrapolated to perceived noise level (PNL) values for an engine 
four times the size of the JT15D used for the test program at an overhead 
distance of 61 m (200 ft). 

The fan operating line noise impact was evaluated during the test pro- 
gram and broadband differences of 3 dB were shown over a wide engine speed 
range by lowering the design operating line from a peak pressure ratio of 1.5 
to a peak pressure ratio of 1,30 at the engine's maximum operatinij speed of 
16,000 rpm. 
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The evaluation of the influence of circumferential static pressure dis- 
tortion on inlet radiated noise was partially masked by the treatment effec- 
tiveness previously denoted. Using an aerodynamically contoured inlet (i.e., 
curved inlet) to reduce the circumferential static pressure distortion pro- 
duced using a canted inlet, the noise source mechanism was interpreted to be 
diminished by up to 12 dB as implied from blade-mounted transducer (BMT) 
results . 

However, the far-field noise differences between the canted diffusing 
treated inlet and curved diffusing treated inlet configurations indicated 
differences of only 1 PNdB when scaled to an engine four times the size of 
that used in the test program. A straight diffusing treated inlet configura- 
tion that reduced the static pressure distortion (SPD) to 0.2% indicated 
slight improvements on the order of 1 PNdB over the curved inlet (SPD ■ 0.8%) 
and 2 PNdB over the canted inlet (SPD “ 2.3%) for simulated high-flap-approach 
conditions. The differences measured previously (Reference 1) using nondif- 
fusing untreated inlets were as great as 7 PNdB between nondiffusing canted 
and straight geometries at this engine speed, hence, the treatment effective- 
ness is largely responsible for the 5 PNdB incremental difference. 
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The inlet radiated noise of a turbofan engine has been the subject of 
extensive research. The principal research objectives have been to charac- 
terize or suppress such noise with particular regard to its tonal character- 
istics. The major portion of this research has been conducted by using 
ground-based static testing without simulation of aircraft forward speed or 
aircraft installation-related aeroacoustic effects. Hencei wind tunnel test- 
ing is a necessary and viable alternative to the conduct of expensive flight 
test programs. The necessity of conducting flight-simulation research test 
programs in this area is provided by the discr<r.pancies incurred when com- 
paring static test noise data with that measured during turbofan flyovers. 
However, in flight, the resolution of the details of the inlet-radiated tonal 
noise component flight effects are masked by other aircraft or engine noise 
sources. Therefore, the impact of flight effects on the inlet radiated noise 
characteristics and their interdependence on inlet design features should be 
accomplished in the simulated flight environment provided by a wind tunnel. 

Previous test experience (Reference 1) demonstrated that the NASA-Ames 
Research Center (ARC) 40 by 80 Foot Wind Tunnel (40 x 80) offered an excel- 
lent facility for performing controlled aeroacoustic tests, ARC provided a 
21-inch fan diameter, 3.3 bypass ratio turbofan engine to perform this inlet- 
radiated noise research program. 

The inlet designs selected for aeroacoustic evaluation were based on 
the data obtained under the previous test experience (Reference 1). The re- 
sults of the earlier program demonstrated that the downward canting of a 
turbofan engine inlet produces a significant noise radiation impact over an 
engine speed range that coincides with a high-flap landing approach condi- 
tion. Prior results were measured on inlets of a cylindrical hard-wall geom- 
etry. In this current test program, inlets of a diffusing nature were tested. 
The inlets tested were designed to be representative of those currently in- 
stalled on commercial turbofan engines and in fleet service at this time. 

Three specific designs were chosen for evaluation: a straight diffusing 

inlet, a canted diffusing inlet, and a curved diffusing inlet. These inlets 
were aerodynamically contoured to achieve various levels of static pressure 
distortion at the fan face. This parameter was anticipated to be the noise 
impact mechanism which caused the increased noise levels at the simulated 
high approach test condition as discussed in Reference 2. 

The inlet aeroacoustic testing included the effects of inlet diffusion, 
inlet acoustic treatment, fan operating line, and a comparative assessment 
to static outdoor test measurements made with an inlet lip shape designed 
to match the inlet's internal aerodynamics of the wind tunnel installation. 

The outdoor testing was accomplished using a turbulence control device to 
achieve a turbulence structure more representative of that incurred during 
the wind tunnel evaluation. 
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Section 3.0 v",ontain8 a summary of the tesis and data reduction proce~ 
durea along with a description of the test facilities, turbofan engine, 
inlets, instrumentation, and test setup. 

Section 4.0 consists of a description of the data analysis techniques 
and a discussion of the results. 

Section 5.0 completes the report by summarizing the results in terms of 
conclusions and recommendations. 
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31 TEST FACILITIES 


3.1.1 NASA-ARC 40 by 80 Foot Wind Tunnel 

The simulated-flight tests were conducted in the Large-Scale Aerodynamics 
Branch 40 by 80 Foot Wind Tunnel (40 x 80) at the Ames Research Center (ARC). 

A plan-view sketch of the 40 by 80 is shown in Figure 1. This facility has the 
capability, with an engine installed in the test section, to simulate flight 
speeds up to 91 m/s (300 ft/s). However, due to the fact that the wind tunnel 
is a closed-circuit facility, operation of an engine with the wind off circu- 
lates airflow around the circuit creating a minimum forward velocity range of 
4 ra/s (13.5 ft/s) to 8 m/s (26.3 ft/s), depending on the fan airflow. The 
wind-off operation provided quasi-static conditions of a low speed flow across 
the test section. 


The use of the 40 by 80 for previous acoustic testing was significantly 
enhanced by lining the floor and part of the walla of the test section with 
a 7.62-cm (3-inch) layer of polyurethane foam. The foam mat virtually re- 
moved reverberant reflections from the noise data at all frequencies above 
500 Hz. To ensure consistency in the noise measurements, the same foam was 
placed on the ground between the microphone and the engine during outdoor 
static tests. 


3.1.2 NASA-ARC Outdoor Test Stand 

Outdoor static tests were performed on the NASA-ARC large-scale aero- 
dynamics test stand. These tests were conducted during early morning hours 
to take advantage of calm wind conditions and to avoid background noise con- 
tamination from an active runway adjacent to the test site. A plan-view 
sketch of the test stand is shown in Figure 2. The operations, which in- 
clude the engine operator's console and data acquisition systems, are housed 
underground to provide a reflection-free test-bed for acoustic measurements. 


3 . 2 TEST VEHICLE , 

3.2.1 JT15D Turbofan Engine 

The test vehicle supplied by ARC was a modified JT15D turbofan engine; a 
cross section is shown in Figure 3. The physical and aerodynamic parameters 
for the modified JT15D engine are listed in Table 1. The JT15D is a moderate 
bypass ratio engine with a single-stage, supersonic tip speed fan. With re- 
gard to forward radiated fan noise, the JT15D has many of the design features 
incorporated into the approximately four-t imes-larger modern turbofan engines 
in commercial service. Features such as the absence of inlet guide vanes 
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Section A-A 


24 . 4 m (80 ft) 
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Figure 1. NASA-ARC 40 by 80 Wind Tunnel. 
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HP Compressor Combustor HP Turbine 



Figure 3. Modified JT15D Turbofan Engine 





Table 1. Modified JT15D Parameters. 


Fan Pressure Ratio 

1.5 

Bypass Ratio 

3.3 

Hub/Tip Ratio 

0.405 

Rotor Diameter, cm (in.) 

53 (21) 

Maximum Fan, rpra 

16,000 

Rotor Blades 

28 

Bypass Stator Vanes 

66 

Core Stator Vanes 

71 

Bypass Vane/Blade Ratio 

2.36 

Core Vane/Blade Ratio 

2.54 

Bypass Rotor/stator Spacing 

1.65 

Core Rotor/Stator Spacing 

0.85 


(IGV's), large spacing between the fan blades and outlet guide vanes (OGV's), 
and at least twice as many OGV’s as fan blades are common design features be- 
tween the JT15D and the CFG, JT9D, and RB211 turbofan engines. 'Ihe engine 
utilized for this series of tests was modified by ARC as a result of the re- 
search of Hodder (Reference 3). The inlet temperature sensor was made flush 
with the wall in order to eliminate the tone noise from the interaction of its 
wake with the fan blades. Also, the number of core stator vanes was increased 
and spaced further downstream from the fan to diminish the impact of the fan 
blade wakes impinging on the vanes. The increase in core vane number produced 
a cutoff of tonal noise generated from this interaction. 


3.2.2 Nacelle, Nozzle, and Mounting Assembly 

The JT15D engine used during the advanced inlet testing was housed in a 
special quiet nacelle designed by ARC engineers. The nacelle was completely 
lined with sound-absorbent material to minimize the radiation of engine casing 
noise to the forward quadrant. Also designed by ARC engineers was a new co- 
annular nozzle system for the JT15D. The new fan nozzle included a larger 
exit area to provide more flow to accommodate the operating line studies and 
had both walls lined with acoustic treatment to suppress the aft radiated fan 
noise. The JT15D, with its nacelle and nozzle system, is shown in cross sec- 
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t:lon in Figure 4, and the complete assembly Is shown on the mount in Figure 5. 

The mount is a leaned strut that supports the engine assembly 4.6 m (15 
ft) over the wind tunnel floor as shown by the photo in Figure 6. The strut 
carries all the plumbing and instrumentation lines to the engine assembly and 
is fastened to a turntable. The axis of rotation is through the fan face 
which allows angle of attack to be accomplished by rotating the engine assem- 
bly about this vertical axis without changing the distances from the fan face 
to the noise measurement field. The engine assembly and its mount were in- 
stalled on a nonrotating frame at the outdoor test stand to duplicate the 
wind tunnel setup during outdoor static testing. 


3.3 INLET CONFIGURATIONS 

The new inlet hardware tested in this program was fabricated under 
the supervision of the General Electric Co. The aerodynamic and mechanical 
designs were provided by General Electric, as was the acoustic treatment de- 
sign. The inlets were selected to be representative of conventional commer- 
cial engines, apart from advanced aerodynamic concepts and advanced acoustic 
treatment designs. The aerodynamic design points for all inlets are listed 
in Table 2, The throat Mach number listed for each inlet is the one-dimen- 
sional calculation based on airflow and physical area. The acoustic design 
goals for the program were to achieve maximum perceived noise level (PNL) 
suppression when scaled to larger turbofan engines typical of those on modem 
commercial aircraft. There was also a goal to design as much of the hardware 
as possible to be common between the inlets, with configuration changes capa- 
ble of being made simply and efficiently. 


Modified Core Stator Pan-Exhaust Acoustic Treatment 
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Figure 6. Photo of Engine Support Assembly. 


Table 2, Inlet Design Parameters. 



Baseline 

Dif fus inj? 

Vq, m/s (ft/s) 

82 (270) 

»2 (270) 

a, degrees 

15 

15 

w, kg/s (Ib/s) 

34 (75) 

32.9 (73) 

"th 

0.40 

0.59 

V-p* m/s (ft/s) 

405 (1330) 

405 (1400) 

I'lc , rpm 

14,520 

16,000 

L/D 

1.01 

0.70 

L/D Treated 



0.38 
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3*3.1 Baseline Cylindrical Inlet 
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The baseline inlet is cylindrical in shape with a length-to-diaraeter 
ratio of 1,01, The inlet attaches to the JT15D fan casing with four drag 
links which compress a rubber seal around the circumference to ensure no 
leaks in the flowpath at the interface. 

The baseline inlet was tested in the previous series of tests reported 
in Reference 1 and was retested in a similar wind tunnel configuration in 
order to provide a common data link between the two test programs. 


3,3.2 Straight Diffusing Inlet 

The straight diffusing inlet has a diffusion rate consistent with de- 
signs found in commercial service. The fan area to throat area ratio is 1,26 
with a length-to-diaraeter ratio of 0.70. A schematic comparison of the base- 
line inlet and the straight diffusing inlet is shown in Figure 7(a), 

The straight diffusing inlet is equipped with a flight lip for wind tun- 
nel testing and a reverse cone aeroacoustic lip for outdoor static testing. 

A schematic of the two configurations is pgcsented in Figure 8. The reverse 
cone outdoor configuration is designed to mate to the turbulence control 
screen (TCS) device which is utilized in the outdoor testing. A schematic 
of the TCS installed on the reverse cone is displayed in Figure 9, 

Tlie straight diffusing inlet is acousticnlly treated as shown in Figure 
10(a). The treatment is a bulk absorber Kevlar material having a thickness of 
0.09 inches which is compressed to 0.05 inches on installation. The Kevlar 
is covered with an aluminum 28% porosity faceplate of 0.025 inch thickness 
and pocketed in 1.75 inch cavities as indicated in Figure 10(b). 

The attachment of the straight diffusing inlet to the fan casing is 
similar to the baseline inlet configuration. Any imperfections in the mating 
of the inlet hardware to the fan casing were smoothed over by using an RTV 
compound to ensure the flow field was as aerodynamics lly clean as possible 
when entering the fan. 


3.3.3 Canted Diffusing Inlet 

The canted diffusing inlet is designed to simulate the 5® canting of 
typical commercial aircraft engine inlets. This inlet's diffusing section 
is common hardware to the straight diffusing inlet, with the canting accora- 
olished by inserting a canted ring between the diffusing section and the fan 
casing. The canted ring replaces a straight cylindrical ring used in straight 
diffusing inlet cases so that the average overall length of the two inlets is 
identical. The canting ring aerodynamically realigns the flowpath between 
the 5 canting diffuser and the axial fan assembly. The upper surface of the 
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0t051 CB (0.020 in.) Thlckncna 
0.089 ca (0.035 In.) Hole DlaMtar 

(a) Axial Traacu«ant Daploymant 


4.45 ca (1.75 In.) Typical 
4.45 ca (1.75 In.) Typical 



(b) Projactlon of Treatment Deployment 


Figure 10. 


Inlet Treatment Details. 
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canting ring it intrina ically a portion of tha apherical aurfaca, whila tha 
bottom portion ia intrina ically a cylindar. For thia raaaon, tha fabrication 
of thia piaca waa accompliahad uaing threa-d imana iona 1 numaric-control lad 
mach ina ry . 

Tha cantad diffuaing inlat ia achemat ically diaplayed in Figure 7(b). 

Tha attachment of inlet hardware to the engine waa performed in a aimilar man- 
ner to the atraight diffuaing inlat for both wind tunnel and outdoor atatic 
teata . 


3.3.4 Curved Diffuaing Inlat 

The deaign for the curved diffuaing inlet ia a new concept reaulting 
from prior NASA-ARC teating. Thia inlet 'a throat ia effectively oriented at 
5* to the fan axial centerline. The entire diffuaing aection ia utilized to 
turn the aerodyanmic flowpath back to parallel with the engine tan face 
centerline. The additional turning length allowa flow alignment to be done 
more effectively, reducing circumferential atatic preaaure diatortion. The 
design waa accomplished via a computer code of the GE Installed Performance 
Group entitled the "Stream Tube Curvature (STC) Program." 

The curved diffusing inlet was treated in a manner similar to the 
straight diffusing inlet. Its attachment in wind tunnel and outdoor con- 
figurations was similar to the other inlet configurations. The irlet uti- 
lized the sau.e flight lip as the othet diffusing inlets for wind tunnel test- 
ing (schematically shown in Figure 7(c)). 


3.4 TEST SETUP 

3.4.1 Wind Tunnel Tests 

The test vehicle was mounted during the wind tunnel teats by bolting 
the support strut to a turntable located in the center of the 40 by 80 test 
section. The engine centerline waa 4.6 m (15 ft) above the wind tunnel floor 
with the turntable capable of yawing the test vehicle up to 40* for angle- 
of-attack operation. The floor and part of tiie walls were covered with foam 
to minimize reflection interference in the noise data. Noise measurements 
were made using a traversing microphone that covered angles from -5* to 138* 
on a 3.7-m (12-ft) arc. In addition, fixed microphones on a 4.5-m (14.5-ft) 
arc relative to the fan plane were located 30*, 50*, 60*, 70*, 90*, and 110* 
relative to the tunnel centerline. A schematic of the test setup is shown in 
Figure 11 with a photograph overview in Figure 12. Two other photographs 
showing the test setup are presented in Figures 13 and 14. 

3.4.2 Outdoor Static Tests 

The test vehicle was mounted during the outdoor static tests by bolting 
the support strut to a support frame located in the southwest corner of the 
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Figure 12. Photo of Wind Tunnel Test Configuration. 
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ttsc (••• Figur* 2). Th« «ngin« c*nC«rlin« was 4.6 m (IS ft) abova tha 

ground and pointad in a northarly direction. Tha noisa measurements ware 
made at tha same arc and fixad locations as those used in tha wind tunnel 
tests. To ainiaiiza ground reflection interference in the noise measurements, 
large pieces of the wind tunnel foam were used to covet the ground under the 
engine and microphones. T%k> photographs of the test setup are presented in 
Figures IS and 16. 


3.S INSTRUMENTATION 


3.S.1 External Noise 


All external noise measurements were made with B&K microphones. During 
all tests che microphones used were 0.64 cm (0.2S in.) B&K 413S's with B&K 
UA038S nose cones attached. By using the same microphone/nose cone configura- 
tion for both outdoor static and wind tunnel tests, direct comparisons of the 
data can be made. However, B&K provides correction curves for noise arriving 
at the microphone at incidence angles from 0* to 180* and for the presence of 
nose cones. These curves were used to correct all the 1/3-octave-band data 
so that absolute sound pressure levels could be determined. 

During the outdoor static and wind tunnel tests the fixed microphones 
were oriented pointing forward parallel to the engine centerline or wind tun- 
nel centerline. The circular traversing microphone used during the tests was 
attached to a movable vane that kept the microphone pointed upstream during 
forward speed testing in the wind tunnel. However, during quasi-static wind 
tunnel and outdoor static testing, the vane was locked so that the microphone 
pointed toward tha engine at ^11 angles. Photos of the microphone setup are 
presented in Figures 11, 17, and 18 for wind tunnel, outdoor, and TCS tests. 


3.5.2 Internal Noise 


Internal noise measurements were made on the diffuser walls of each in- 
let with Kulite (XTMS-1-190-25D) pressure transducers during all outdoor 
static and wind tunnel testing. The transducers have a 0.32-cm (0.125-in.) 
pressure sensitive diaphragm mounted in the end of a 10/32 threaded bolt. 
Each inlet was provided with threaded holes through its diffuser walls which 
enabled the transducers to be installed with the diaphragms flush with the 
inner surface. The locations of the transducers for each of the inlets are 
given in Table 3. Since the transducers were removable, the same sensors 
were used at the same relative location in. each inlet to minimize data er- 
rors, except for replacement due to instrumentation fatality during the test 
program. 


3.5.3 Aerodynamic Performance 

Static pressure distributions along the surfaces of each inlet at various 
circumferential positions were an essential part of the data acquired for each 
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Figure ISi Photo of Outdoor Support Assembly 


Figure 16. Photo of TCS Instsllatlon 
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Table 3» Kulite l^oeations (Fan Casing Referenee X • 0)# 


Transducer 

No. 

straight Diffusing Inlet 
(Canted Diffusing Inlet) 

Curved Diffusing Inlet 

Degrees 

' ^ Inches’';; ; 

^Degrees 

'inches ;;;;; ;;;^ 

1 

0 

-2.800 

0 

-2.800 

2 

SO 

-2.80Q’ 

SO 

-2.990 

3 

180 

-2.800 

180 

-2.800 

4 

270 

-2.800 

270 

-2.620 

5 

0 

-10,750 

0 

-10,750 

6 

SO 

-10. 750 

90 

-11.507 

7 

ISO 

-10.750 

180 

-10.750 

a 

270 

-10.750 

270 

JV A /%«. 

-9. Sec 


*90* * Uppsff Surface 


eese conidicion# In additicn* eighc static pressure taps mounted circumferen** 
tiaUy 2.63 inches altead of the fan face were closely ffionitorad in-line during 
the testing. The static pressure tap locations for each of the inlets are 
tabulated in Table 4. 

The JT15D fan pressure ratio was also of central concern during fan noise 
testing. The fan operating line was monitored during the wind tunnel ^testing 
utilizing a set of three NASA-supplied 6-headed total pressure rakes installed 
in the bypass duct. 


3.5.4 Blad e/ Vane-Mounted Transducers 

A special blade/ vane-mounted instrumentation package on loan from the 
NASA-Lewis Research Center and operated by NASA-Langley Research Center per- 
sonnel was provided for the test series. The locations and installation 
details of these transducers are shown in figures 19 and 20. A more detailed 
discussion of this instrumentation can be found in References 4 and 5* 

In general 1 the transducer system was a set of 14 Kulites - 8 blade-^ 
mounted and 6 vane-mounted. The blade-mounted transducers (BMT) were acti- 
vated by a light switch, and information was telemetered to a receiving an- 
tenna mounted axially in the wall of the inlet. A achematic of the system 
installation details is also provided in figure IS. 
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TalJlo 4« Inlot* Statle Pi*oosu5?o fap Xiosations 
Cfan Casing Rofei»onoo a 0># 


Tap No. Sfcgaifehfc/Oanfeed/ Cugypid 
0 X 

»9git mssm 


1 

0 

“0.72 

z 

45 

-0.72 

3 

90 

“0.72 

4 

135 

-0.72 

5 

t80 

-0.72 

6 

225 

-0.72 

7 

270 

“0.72 

8 

315 

-0.72 


Smighs: (Canead) 

Diffustji? f!»pvRd^pi££ti8 Rg^ 

0 X G X 



0 

X 

Q 

X 






9 

0 

-2.65 

* 

0 

-2.65 

10 

45 

-2.65 

90 

-2*839 

U 

90 

-2.65 

180 

-2.65 

12 

135 

-2.65 

270 

“2.469 

13 

ISO 

-2.65 

270 

-3.720 

14 

225 

-2.65 

270 

-4.928 

15 

270 

*2.65 

270 

-6.135 

10 

315 

-2.55 . 

0 

_ a* 

-y.o 

17 

270 

-4.0 

90 

-7.055 

IS 

270 

-5.3 

ISO 

-6.6 

19 

270 

-6.6 

•mM 


20 

90 

*6.6 

mmm 

MMM 

21 

270 

-7.6 

270 

-7.071 

22 

270 

-8.6 

270 

-8.00 

23 

270 

-9.6 

270 

*8.931 

24 

0 

-9.6 

0 

*9»6 

25 

90 

-9.6 

90 

-10.269 

26 

180 

*9.6 

ISO 

-9.6 

27 

270 

-10.3 

270 

-9.583 

28 

270 

-10.9 

270 

-10.138 

29 

0 

-10.9 

0 

-10,9 

30 

90 

-10.9 

90 

-U.657 

31 

180 

-10.9 

180 

-10.9 

32 

270 

-11.45 

270 

-10.649 


ii? Fooi^: ouAury 


Flijshu Lip 

Aeroacouscic Lip 

0. 

■ J. 


33 

270 

-12.0 

270 

-12.0 

34 

90 

-12.0 

90 

-12.0 

35 

270 

-12.4 

270 

-12.4 

36 

270 

-12.8 

270 

"12.8 

37 

0 

-12.8 

0 

-12,8 

38 

90 

-12.8 

90 

-12.8 

39 

180 

-12.8 

lau 

-12.8 

40 

270 

-13.2 

270 

-13.2 

41 

270 

-14.1 

270 

-13.9 

42 

270 

“14.7 

. 270 

-14.8 

43 

270 

-14.1 

270 

-16.2 

44 

45 

270 

270 

-13.2 

-12.4 

Excprnal 

-16,79 

-16.1 

46 

270 

-11.5. 

270 

-14.1 
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2“igure 19. Scljematic of laternal Bynamic 3j;^£rumentation 
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Figure 20. Photo of BMT Installetion. 
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Hofi Film Probe 


UuJ^ing She outdoor statie test program> u single hot film probe* fil 
Hodel lOSfrA, mn inserted at a station approximately am Cl.O in.) up-* 
stream of the fan rotor* Tests mve^ condueted with this probe to measure 
axial turbulence paramsters with and without the turbulenoe control devise 
installed to determine its impaet on the flow Impinging onto the fan. Three 
radial isanersions were tested coineident with the BiiT radial losatioas of 0.25* 
0,75* and 2,0 inches. Subsonic* transonic, and supersonic fan tip speeds were 
investigated with this hot film instrumentation. 


3,6 TEST SUMMARY 

3*0«l ^ind Tunnel Tests 

The wind tunnel tests wore conducted in the 40 x SO during the psriod of 
18 March 1900 to 22 March 1980. A summary of the SS-data-point test program 
is contained in Table S. The primary objectives of the program were to obtain 
a complete characterization of the .inlets tested* both aerodynamieslly and 
acoustically. The tests were condueted over the entire operatins range of 
the JTISO engines however, an emphasis was placed on the high subsonic fan 
tip speed region of 11,300 to 12,320 rpm. 


Table 6. Rim Log - Wind Tunnel Tost. 


Rtm 

Inlet 

tip 

Treatment 

a 

Vn* (knots) 

Test Points 

Operating Line 

1 

Curved 

Flight 

VCB 

0* 

O 

o 



Check-Out 

upper 

a 

Curved 

Flight 

Yes 

0* 

0, 80 

12 

Upper 

3 

Curved 

Flight 

Yes 

0*, 5* 

0, 80 

13 

tewer 

4 

Straight 

Flight 

Mo 

0* 

0, 80 

12 

Lower 

S 

Straight 

Flight 

Yes 

0% 5* 

0, 80 

14 

Lower 

6 

Canted 

Flight 

Yes 

0* 

0* 80 

4 

Lower 

7 

Canted 

Flight 

Yes 

0*. S* 

0, 80 

10 

Lower 

a 

Baseline 

Flight 

No 

0* 

0, 80 

9 

Upper 

9 

Basoline 

Plight 

m 

0* 

0, 80 

9 

Lower 


*Vo •* 0 implies minimum Cunnel velocity. 
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Posf eaeh naiso poittte* fche fan eorjfeeted speed was set baaed on aeto» 
aeouafeie eons idejeat ions and allowed to stabilige* All amplifier gain settings 
were optimiised for internal and external noise measurements and then at least 
30 seconds of internal dynamio data was tape recorded with the traversing 
mierophone in the 138* positioni An aerodynamic data sample was computer 
printed during this recording time. The traverse microphone sweep was then 
initiated and the recorders ran continuously for the approximate 4 minutes 
required to complete the traverse. 


tf- 


3.6.2 OUTDOOR STATIC TESTS 


The outdoor static tests were conducted at the test stand during the 
period 23 April 1980 to I May 1980. Oomplete summaries of the tests are eon« 
tained in Table 6 which includes the details of the SS-data-point test pro- 
gram. The objectives of the outdoor static tests were, first, to compare the 
engine’s aeroacoustic performance with the production exhaust configuration to 
that produced by modifying the quiet nacelle engine to the production fan oper- 
ating line. The other objectives were to operationally check out the turbu- 
lence control structure’s aeroacoustic performaneo and obtain noise data for 
comparisons with the wind tunnel noise data. 


Table 6. Run log - Outdoor Static Test, 


Run 

Inlet 

Lip*J* 

Treatment 

Test Roints 

Operating line 

1 

Straight 

Reverse Cone* 

Ho 

10 

Design 

2 

Straight 

RC/TGS 

Ho 

10 

Design 

3 

Straight 

RC/TGS 

Ho 

10 

Upper 

4 

Straight 

RC/TCS 

Ho 

10 

lower 

5 

Canted 

RC/TCS 

Yes 

10 

Upper 

6 

Curved 

RC/TCS 

No 

5 

Upper 

7 

Curved 

RC/TGS 

Yes 

10 

Upper 

8 

Curved 

RC/TCS 

Yes 

12 

Upper 

9 

Curved 

RC/TCS 

Yes 

12 

Upper 


%enoted as RC in other runs. 

^TCS implies Turbulence Control Structure. 


an 
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For eaeU noise daRa point the £an eoereeted speed was set based on throat 
Maeh number , i£ applicable, and allowed to stabiliae. All amplifier gain set- 
tings were optimised fior the internal/esteraal noise measurettients and then at 
least 30 seconds o£ data were tape raaorded. During traverse operation of each 
outdoor static test, the recorders ran continuously for the 3 to 4 Minutes 
required to coraplete the traverset To Minimise errors in data reduction the 
traverse microphone amplifier gain settings, which were preestablished baaed 
on peak overall noise levels, were not changed during data acquisitiont 


3.7 DATA RBBtlCyiOH 

The reduction and processing of test data were ahared by NASA and General 
Electric* Steady**8tatB aerodynamic performanca data for the inlets and the 
test facilities was calculated on-line by the NASA computers. Data editing 
and correcting were performed by GE and NASA engineers , and the final computed 
results were supplied by NASA posttest to GB. The external/internaX noise mea*^ 
surements were monitorv'd on-line during the tests by GE personnel to ensure 
signal validity. Fostteat noise data reduction and processing were accomp- 
lished at the OS facilities. 


3.7.1 Aerodynamic Performance Data 

As part of the pretest effort, GE engineers conducted a compressible flow 
analysis of the inlets. This analysis determined the relationships between 
the airflow rate, the surface pressure distribution, and the throat Hach num- 
ber for each inlet at outdoor static and wind tunnel test conditions. The 
results of this analysis were incorporated into the on-line aerodynamic per- 
formance computer program used for all wind tunnel testing. This program 
computed throat Hach number for all aero angle-of-attack test points using 
selected wall static pressures from each inlet. The computer program also 
computed the average total pressure distortion and the area-weighted average 
total pressure for all teat points. These computer programs were a valuable 
asset to the wind tunnel testing because preliminary results were available 
on-line for each test point and final checked results were available at the 
completion of the tests. 


3.7.2 Traverse Microphone Data 

The 3.7 ra (12 ft) arc microphone data from the wind tunnel and outdoor 
static tests were reduced to 1/3-octave-band spectra from 400 Ha to 16,000 Ha 
by special techniques developed to process moving microphone data. While the 
traverse is moving, narrowband spectra are being continuously computed with 
an angular spacing that depends on the number of spectral averages. The num- 
ber used was 0.2 seconds which provides the smallest angular resolution be- 
tween spectra on the 3,7 m Cl2 ft) arc, yet keeps the statistical errors 
below il dB in the sound pressure levels. For each data point, the narrow- 
band spectra are computed every l.S® around the arc and then converted to 
octave-band spectra that are corrected to standard day conditions, 
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To verify fche traverse jaierophone data reduetiori ceehnique, the data ae« 
quired with the traverse was eompared to li:?ed microphone data at selected 
angles at the same test conditions • Typical comparisons o.f the spectra com- 
puted from fixed mierophone data reduction to spectra computed from traverse 
microphone data reduction are shown in figure 21* The baseline inlet was 
used because it changes more with frequency and angle than data from the other 
inlets and, therefore, presents a tougher test case for ^comparison of the meth- 
ods* These comparisons, obtained f rom Eeference 1, indicate that the traverse 
microphone data reduction method provides spectrum levels within ,±2I dB of 
those computed by conventional fixed microphone techniques. In addition, tra- 
verse microphone data have an advantage over fixed microphone data in that no 
errors exist due to calibrating and recovering data from several microphones. 


3,7.3 Fixed Microphone/ Internal Noise Data 

Selected fixed microphone and internal noise data from the outdoor static 
and the wind tunnel tests were reduced to 23 He narrowband spectra from 0 to 
20,000 He using digital fast Fourier transform techniques* A 4.0-second aver- 
age time was used which results in a 90% confidence that errors are less than 
iO.5 dB in the sound pressure level. 
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Frequency, kHa 

9 3*7 in (12 ft) Arc Uncorrected Data 
» 41 m/s (135 ft/s) Forvard Velocity 


I'igure 21. Verification of Traverse-Microphone 
Data Reduction. 
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4.1 AMALYSIS TECHMIODES 

the techniques used to analyse acoustic data from the outdoor static and 
wind tunnel tests use 25«*Ha narrowband and l/3«oetave«band fonaatSi Ihe l/3« 
octave-band format is used to detect system noise differences, whereas the 
25 He narrowband format can distinguish component ial noise differences in 
greater detail t In addition, the directivity of fan blade passage frequency 
(BPF) is analyzed via a narrowband tracking filter in order to reveal addi- 
tional details of this important element of the inlet radiated fan noise* 


■The reduction of the wind tunnel test data involves several steps. The 
initial step is to transform the coordinate system to account for the forward 
wind velocity effects. The next steps are to correct the narrowband stored 
spectra obtained at 1.5“ increments on the 12 foot arc for wind tunnel back- 
ground and system response effects. These stored spactra are then averaged 
at 10“ incremental locations Ci.e., the stored spectra between 47“ and 53“ are 
used to determine the 50“ averaged spectrum). The 10“ increment spectra are 
corrected for atmospheric attenuation, reconstituted to 1/3-octave bands, 
scaled to a large turbofan engine size, and extrapolated to a $l-m C200-£t) 
overhead condition. The 1/3- spectra are next weishted and summed 

to obtain overall sound pressure level COASPli) and perceived noise level CfNI.) 
at the arc angles from 10“ to 130“ in 10“ increments. Tabulated 1/3-octave- 
band information was transmitted to NASA ARC. Atmospheric corrections were made 
on the basis of Reference 6. 


4.1.1 Wind Tunnel/ Static Transformation 

Tlie relationship between acoustic pressure and angle in the far field for 
static and wind tunnel situations can be expressed (as in Reference 7) by 
Equations 1 and 2 with reference to Figure 22. 

The transformations of Equations 1 and 2 allow for the wind tunnel data 
to be adjusted for comparison to outdoor static results. It should be noted, 
however, that a simulated flyover calculation would utilize the static angle 
(j) as opposed to the wind tunnel angle $, and would adjust the static results 
for forward velocity. Tlie forward velocity adjustments would include two fea- 
tures - a doppler shift and a "dynamic effect." It is concluded that the 
wind tunnel data has no doppler shift; however, it possesses the dynamic- 
effect correction as a result of the wavelength contraction imposed due to 
the variation in the speed of sound identical to the variation in wavelength 
induced by frequency changes for the flight case. Thus, wind tunnel testing 
provides a basis for assessments of the dynamic effect corrections made for 
simulated flyover calculations. This effect is not accounted for in Equation 
2, Another effect not accounted for in the transformations of Equations 1 
and 2 is sound propagation effects through the velocity gradients neat the 
engine inlet . 
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The values P and ? are fihe achual wind fiimnel paroOTefeers and is £he 
Cunifona) tunnel Mach nwnber. 


4il*2 Wind Tunnel Background Hoise 

A plot of the typical wind tunnel hachground noise spectrum^at two loca^ 
tions for the wind tunnel in operation at an 80*’knot wind condition is pre*^ 
seated in figure 23. The levels indicate that only below 400 Hk does the wind 
tunnel background noise interfere with the JT15B noise measuretaents* Since 
this program was principally concerned with the highar frequency inlet radi- 
ated noise, this low frequency masking presented minimal limitations to the 
conduct of the testing. 

Since the wind tunnel background was fairly constant with angle, an angu” 
larly averaged narro't^band background spectra was logarithmically subtracted 
from the narrowband noise measurement c. 


4.1.3 Large-Scale XFJtrbo fan Noise 

Tlie projection of the JT15D results obtained under this test program to 
a large-scale turbofan engine was a desirable objective, A scaling factor of 
four was selected to simulate a 2.1-rn (7.0-ft) fan diameter representative of 
the size currently found in commercial operation. The scaling procedure to 
accomplish this objective is outlined in the following: 

# Correct the 12 ft data for atmsopheric absorption to a 0.3-ra 
(1,0-ft) reference. 

» Correct the 12 ft arc data for spherical divergence to a 0»3-m 
Cl,0-ft) reference, 

i Increase 1/3-octave-band sound pressure levels (SPL) by a factor of 
12 dB, equivalent to an airflow increase of 16 which is proportional 
to the scale diameter squared, 

f Frequency-adjust the 1 /3-octave-band SPL's by a scaling ratio that 
will ensure a constant Strouhal number, 

» Extrapplate the scaled source data to a distance of 61 m (200 ft). 


Frequency, 

Figure 23. Typical 80 Knot: mnd Tunnel Background 
l^oise Spectra. 
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i The sealed and exfirapola!;ed speecra are appropriately weighted to 
obtain power levels and at each 10* increment are summed to obtain 
OASFI, and PNL. 


4»1*4 Homaliged Harrowband Differeneing 

Tllie spectral difference in noise level between two configwrations can 
best be determined by direct differencing of the 25 Ha narrowband spectrum 
measured at identical far-field locationSf This procedure can produce some 
peculiar results if the tonal components do not align* To alleviate this 
problem the sampling rate, which is used to convert the analog noise signal 
recorded on magnetic tape to a digital number stream for conversion into the 
frequency domain, needs to be normalised • For example, if the BPP occurs at 
a frequency of 5600 Hz in one configuration and a frequency of 5625 Hz in a 
second configuration, then by sampling the data from the second configuration 
at a reduced sampling rate, the tonal component may be repositioned into the * 
same spectral band. As a result of this normalization process, the two nar« 
rowband apsctral components may be differenced directly, Ferforming this 
normalization does not impact the broadband energy distribution significantly, 
since the two configuration speed points being differenced mire run at the 
same corrected speed to effectively normalize any aerodynamic differences, 

Tlie utilization of this narrowband differencing process required data of 
high statistical accuracy. Consequently, when this technique was utilized 
each narrowband spectrum was the result of 100 averages of a 2048"*point data 
sample. This allowed the analysis to produce a. 90% confidence level that the 
narrowband spectra were within &0,5 dB of the true level. A frequency^ 
smoothing and segment-^averaging technique as discussed in Reference 8 was 
ut 11 iced , 

4.1,5 Blade*»MQunted Transducer (BHT) Analysis 

The pressure measured on a BMT is composed of periodic and random signal 
variations. To segregate the periodic contribution to this signal, a tech-* 
nique called Signal Enhancement Is utilized. The pressure signal is analog 
to digitally converted at a rate of 360 times per revolution, triggered from 
an optical blade sensor (refer to Reference 4) , The enhanced waveform is 
then computed by averaging the records of 500 revolutions in order to obtain 
the mean pressure at each degree, The Fourier transform of this signal 
shows which harmonics of the circirnttferential periodic distortion are most 
dominant , 

4.2 FAH/IEXBIT AEROOyHAHIG FERFORMANCE 

The fan/ inlet aerodynamic performance was an important element in the 
aeroacoustlc measurement program. Prior to a derailed discussion of inlet 
acoustic performance, a summary of inlet aerodynamic performance is given. 
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Tlie fan operafiing lina eharaaeasjiotic wao an iiBpoi?£anfc eonoidei^ation 
in this aaouacia fnoaouremone tifeilizing fibe daca mGaourGd by tbo 

TOA«supplied bypass duGt pKCSSure sakas and the results* n£ tbo HASA-/AR0** 
generated eoraputar pregram* the twe oporating lines an wbieb the fan per** 
formed wore mapped as shown in iTigure 24. 

T!he sueeess with which the MSA/MG JTlSh Ian exhaust noxzle area was 
modified to match the J^ISD fan design operating line is indicated in 
Figure 25* Froductioa**nozg|e data were obtained outdoors in the test con** 
figuration shown in Figure IS* ^?he minimal impact of the TGS on operating 
line character is tics is iHustrated in Figure 25. 

4.2.2 Inlet Throat Mach Number determination 

The inlet throat Mach number was computed on-line during the wind tunnel 
tests by means of the computer programs provided by MSA/AEG. fhis capabil- 
ity assured that proper inlet performance was achieved at comparable eorrect- 
ed speed points for each configuration* light static pressure taps at lour 
axial and four circumferential locations were monitored during the testing. 
These inputs were utilized in the computations of throat Mach number with 
analytically derived equations to permit this on-line, steady-state, data- 
reduction capability. This information was obtained prior to and after each 
acoustic test point along with computations of corrected fan speed, inlet 
airflow, and fan pressure ratio. Table 7 is a summary of the test parameters* 


Table 7. Inlet Test Parameters. 
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4*2*3 Xttlofc Wall geatia Proaouto Diofigibufeioa 

5ho ialee walio woXl Xtiofituifianfecd wielt aeaeia pjrcooaeG eapo m 
dcoGi!?itJCd in SGGCion 3*S*4. Thooo eapo BCEVod fio laonlfioi? £Iig proper acro» 
dynamic opamtion on the internal lip and in the diSfnoing acesion* Hots 
of Che aur\»ed and canced inlet Mach number dlBferibuCioss for variouo cor** 
recced airflow condiclona are preaencad in Fisurca 26 and 27* A compar** 
iaon of Che curved and canted inlec wall Haeh number diocributions veraus 
axiaymmecric proiecciono of Che Scream Tube Curvacure (STC) program are 
ia preaenced in Figure 28. 

4 • 2. ,4 Inlee Wall Gircumferencial BCaCie Preaaure Diacorcien 

The eircumferencial acacie preaaure dia cor cion (SPO) waa moni cored at 
eight equally spaced static pressure Caps 6.73 cm (2.63 in*) npatream of 
Che fan face* The acacic to total preaaure ratio from these taps is pre*** 
sented in Figures 20 and 30 for the canted and curved diffusing inlet cases* 
A significant difference is indicated in these results} the curved inlet 
displayed a large reduction in circumferential distortion as anticipated. 

A specific comparison of the canted and curved inlets is shown in Figure 31 
for a corrected engine speed of approxtotelv 12,000 rpmj this corresponds 
to a fan tip speed of 336 m/s (1100 ft/s) . 

Hhe results of this distortion may also be expressed in terms of a 
distortion parameter as shox-m in Figure 32. The cross-hatched areas repre- 
sent the data obtained from the wind tunnel test program, while the symbols 
represent posttest derivations of the anticipated results using a GE three- 
dimensional flow computation computer code. General agreement in distortion 
trend with inlet configuration is shown* 


4.3 TEST ENVIRONMENT INFLUENCE ON INLET ACOUSTIC CHARACTERISTICS 

**W‘"*****"*****P*******'**"y^*w*‘*W«*»«»»**«»«»****"W***W*»»»*»Wi»^^ L > >K> B Jji ii J i ii l »ii» w r w«iw »» »*> w iwaw i i> * |iwi«wii Mj »i*i«>iii w wit W i n i> i i M *» _ M*i« -,y « » ii w ii M ^ iij|. 

The environment in which an engine is tested influences the noise genera- 
tion process and may affect other aspects of noise propagation and radiation 
processes. These influences cause differences in the measured noise and are 
central to the issue of what test environment can be utilised to successfully 
simulate flight conditions. The outdoor testing in this program utilised a 
turbulence control structure (TCS) which was installed to alleviate the prob- 
lem^of long, coherent, turbulent eddies interacting with the fan. This inter- 
action process is attributed to the production of noise that contaminates the 
far-field noise meMurements and renders them nonrepresentative of flight 
acoustic characteristics. A more detailed understanding of this interaction 
process was sought as a part of this program. 

The simulation of a flight environment is provided by the NASA- ARC 
40 X 80 wind tunnel testing. In this environment the turbulence interaction 
is alleviated by the tunnel's forward velocity which is believed to aceurately 
simulate Slight aerodynamics, thereby reproducing an environment conducive to 
obtaining flight-quality acoustic measurements. Thus, the 40 x 80 testing was 
performed such that selected results of these tests could be compared to those 
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Figure 30. Curved Diffusing Inlet Circumferential Pressure Coefficient Summary 
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figure 31. Comparison of Canted and Curved Inlet Circumferential .Static 
Pressure Coefficient, 
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Figure S2. Static Pressure Distortion Based on tiie Ames Jnlet Studies# 

obtained statically outdoors using the TCS. Ihis comparison forms the basis 
of an assessment of how well outdoor static testing with a TCS can reproduce 
the flight simulation of the AUG 40 x 80 wind tunnel# 


4.3tl Effects of Turbulence Control Structure on Inlet Radiated Hoise 

During the outdoor phase of the test program, a TCS was utilized . This | 

device shown in Figure 16 was installed to break up elongated eddies due to 
random atmospheric turbulence which is stretched as it accelerates through 
the inlet during static testing# These eddies are believed to produce strong 
fan blade loading distortions which generate tonal noise. 

An area of concern was the attachment of the TCS to the inlet, since the 
boundary layer turbulence is hypothesized to be a sensitive noise source mecha« 
nisra due to its interaction with the fan blade tips. For this reason j a re- 
verse cone was designed to aerodynamic ally simulate the inflow characteristics 
achieved in the wind tunnel with the flight lip configuration. Thus, the TCS 
was mated to the inlet using the reverse cone assembly shown in Figure 15. 

This attachment ensured the boundary layer flow would be minimally disturbed 
by Che introduction of the TCS. 

A measure of the success of the TCS in accomplishing the goals outlined 
is provided by comparing back-to-back runs of the same engine configuration 
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displayed in terms of PKI» and OASPL for subsonie, transonic, and supersonic 
fan tip speeds in Figures 33 and 34» Hie scaled BFF l/S-octave resuUs are 
also presented in Figure 35 • 

Substantial differences are observed in the subsonic and transonic eases, 
with the supersonic case produeirtg leas differenee In the FNL and OASFl 
results. The l/3'^octave results indicate the princi^'sl cause for the noise 
differences as the BFF tonal component, its influeiu'Sii# has been diminished by 
the installation of the TCS at the subsonic and transonic speed points. 

Comparative 25 Ha bandwidth spectra are presented for three speed points 
at the 30", 50", and 70" angles in Figures 36, 37, and 33. These narrowband 
plots also indicate that the observed spectral dilferences principally occur 
in the tonal components, reaffirming the results of Reference 9. Hsing the 
normal iaed narrowband differencing procedure described in Section 4.1.4, the 
level differences for selected angles are noted in Figure 39. Only slight 
nontonal differences are observed at frequenciBS below 5 fcHa. But when the 
wavelength becomes comparable to the honeycomb siae of the TGS at higher 
frequencies, greater differences are observed. The initial suggestion is 
that the TCS may create a transmission loss device fed these frequency compo^ 
nents. An alternate explanation is that the turbulence spectrum is altered 
by the introduction of the TOS, thereby affecting the broadband noise genera"^ 
tion process as well as the tone noise generation process* 

The resolution of these differences can only be answered by detailed 
Studies involving hot film probes in the inlet and calibrated sound^source 
TCS testing. However, some preliminary findings based on the use of a single- 
element hot film are displayed in Figure 40, This figure presents the turbu- 
lence spectrum results from a series of independent measurements performed 
with and without the TCS using the hot-film probe system described in Section 
3.5,4, It is noted from this figure that the higher frequency broadband 
turbulence components are greater with TCS installed, in addition to the 
dramatic reduction in the tone influencing low-frequency turbulence compo- 
nents similar to the results of Reference ID, This finding gives credenca to 
the suggestion that the TCS may impose a transmission loss which is further 
reinforced by the work reported in Reference 11, It should be noted that the 
hot film results are only of the axial turbulence component j the transverse 
turbulence components also need to be evaluated, such as in the attalytical 
studies^ of Reference 12, to obtain a complete charaeterizafeion of the noise 
generation process. Figure 41 details the large tonal differences of up to 
20 dB observed in Figure 39, The results indicate the angular distribution 
of energy for TCS and non-TCS cases. Observing that the peak lobular loca- 
tions are unaltered when using the TCS, the conclusion is reached that no 
significant redirection of sound energy is caused by its installation. 


4,3,2 Comparison of Outdoor Static and Wind Tunnel Teat Results 

A direct comparison of outdoor, static' with TCS and wind tunnel (80 knots) 
tests of an equivalent engine configuration is presented using narrowband 
spectra at various angles. Figures 42, 43, and 44 present these comparisons 
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Figure 33 V Scaled Perceived Noise Level Directivities for Subsonic, 
Transonic, and Supersonic Fan Tip Speeds. 
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Figure 34, Scaled OASPL Directivities for Subsonic^ fransonic^ and 
Supersonic Fan Tip Speeds, 
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Scaled BPF l/3“0ctave«Band SPL for Subsonic, Transonic, and 
Supersonic Fan Tip Speeds. 
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Figure 36, Comparison of No TCS/TCS Narrowband Spectra at 
Subsonic lip Speed, 
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Figure 37. Comparison of No TCS/TGS Narrowband Spectra at 
Transonic Transonic Tip Speed (Concluded). 
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Figure 38. Oomparison of No TCS/TCS Narrowband Spectra at 
Supersonic Tip Speed (Gontinued). 
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Figure 38. Comparison of No TCS/TCS Narrowband Spectra at 
Supersonic Tip Speed (Concluded). 
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Figure 39. Comparison of Spectral Differences Between Outdoor TCS and 
No TCS Configurations, 
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Figure 40. Comparative Turbulence Spectra for TCS and No 
TCS Tests. 
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Figure 40* Comparative Turbulence Spectra for TCS and No 
TCS Tests (Continued). 
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Figure 42, Oomparlson of Wind Tunnel and Outdoor with TCS 
Narrowband Spectra at Subsonic Tip Speed, 
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Figure 42, Comparison of Wind Tunnel and Outdoor with TCS Narrow 
Band Spectra at Subsonic Tip Speed (Continued). 
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Figure 42. Comparison of Wind Tunnel and Outdoor with TGS Narrow 
Band Spectra at Subsonic Tip Speed (Concluded). 
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Figure 43. Comparison of Wind Tunnel and Outdoor with TCS Harrow 
Band Spectra at Transonic Tip Speed. 


L»j 





25 Hz SPL, dS re 20 pPa 


# OQ® Noise Emission Anglo 

# 14. S foot Mierophone 

# St3?aiglit Diffusing Hard*'! 

# ?-jt » 335 m/s CllOO tt/B) 

no 


SI 


Wl Inlet 


Ontdaoa? WB) 


80 Knots Wind Tunnel 


Frequency, kHs 


Figure 43. Comparison of Wind Tunnel and Outdoor witli TCS Narrow 
Band Spectra at Transonic Tip Speed (Continued) . 
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Figure 44, Gomparison of find Tunnel and Outdoor with TOO Harrow 
Band Spectra at Supersonic Tip Speed CContinued). 
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Figure 44, Comparison of Wind Tunnel and Outdooi'* with TCS Narrow 
Band Spectra at Supersonic Tip Speed (Concluded), 
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£ov the heed-wall ateaight diffuaing inlet eendition, and in Eignees 45 
through 47, similar results^ are presented for the enrved diffusing treated 
inlet, ihese two test configurations were common to both the wind tunnel and 
outdoor test programs. Utiliaing the normalized narrowband differencing 
technique, Figure 48 shows that the wind tunnel spectral results are considerably 
higher in the first 500 Hz of the spectrum due to wind tunnel background, 
then slightly higher in broadband level at angles other than 30% On the 
basis of the wind tunnel-to-static coordinate transformation formulas (refer 
to Section 4.1), the anticipated result is that the wind tunnel data should 
be on the order of 1 dB lower' than the statio results. However, as was noted 
previously, a ^dynamic effect correction was not included. Ihe conventionally 
applied dynamic-effect correction is given by Equation 3. 

Dynamic Effect Increment - -40 Log [1 - cos (3) 

By applying Equation 3 in conjunction with Equations 1 and 2, the incre-^ 
ments presented in Table 8 are anticipated, independent of frequency. The 
results in Figure 48 indicate the wind tunnel results are typically 1 to 3 dB 
higher at the 50® and 70® angles. Unfortunately, a direct comparison of a 
wind tunnel run to a non-TGS run is not possible, yet these results tend to 
reinforce the conclusion that a small but non-negligible transmission loss 
may be attributed to the utilization of the TGS. The implication is that 
more testing needs be done to (1) determine if the TC8 does induce a trans- 
mission loss which is angularly dependent or (2) if the dynamic-effect cor- 
rections need modifications in order to appropriately account for the differ- 
ences. Only flight testing can resolve the adequacy of the dynamic correc- 
tion formulas. 


Table 8, Projected Noise Differences - Wind Tunnel Minus Static. 


Angle, 

degrees 

Coordinate A, 
dB 

Dynamic A, 
dB 

Total A, 
dB 

10 

"1 • 1 

•^2. 1 

+1.0 

20 

-1.0 

*^2,0 

+1.0 

30 

t 

o 

VO 

+1,9 

+1.0 

40 

-0.8 

+1 .6 

+0.8 

50 

-0.7 

+1.4 

+0,7 

60 

-0.5 

+1.0 

+0.5 

70 

-0.3 

. 

+0.7 

+0.4 

80 

-0.2 

+0.4 

+0.2 

90 

-0.0 

+0 
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Figure 45, Comparison of Wind Tunnel and Outdoor with TCS Narrow 
Band Spectra at Subsonic Tip Speed. 
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Figure 43, Comparison of Wind Tunnel and Outdoor ^th TCS Harrow 
Band Spectra at Transonic Tip Speed (Continued). 





» 60® Hoiao Emisaion Anglo 

# 14. S foot? Mioropiiono 

# Curvod Diffusing floated Inlot 

# o 336 m/s (1100 ft/s) 


f Oppor oporating Iiino 


Outdoor (TCS) 


80 Knots Wind Tunnol 


Frequency, kHz 


Figure 46, Comparison of Wind Tunnel and Outdoor with TCS Narrow 
Band Spectra at Transonic Tip Speed CConcluded). 
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Figure 47. Comparison of Wind funnel and Outdoor 
Band Spectra at Supersonic flp Speed. 
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Figure 47. Comparison of Wind Tunnel and Outdoor v/ith TOS Harrow 
Band Spectra at Supersonic Tip Speed (Concluded). 
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Figure 48. Comparative Na:rowband Spectral Differences for Wind Tunnel 
and Outdoor/TCS Configuration. 
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The comparisons presented in Figure 48 are inappropriate* to evaluate 
tonal differences. Therefore, BPF directivities are compared in Figures 49 
and 50, The results indicate a general agreevient in the sound pressure 
level, unlike the 10-15 dB discrepancies previously encountered without the 
TCi; in Reference 1. However, the angular distribution of energy is not in 
good agreement, particularly in the 60* to 70® range which is extremely 
important in terms of sideline noise. These differences indicate that inlet 
flow effects may influence the directivity patterns more than previously 
anticipated, and this feature, in conjunction with inlet geometry, needs to 
be evaluated for projections of static noise data to flight. 


4.4 FAN OPERATING LINE INFLUENCE ON INLET ACOUSTIC CHARACTERISTICS 


The operating line on which the engine operates produces an effect on 
the fan broadband noise. This effect is well described by Reference 13 where 
a correlation to angle of incidence on the fan blade is documented. In this 
test program, emphasis was placed on dete.cting tonal differences such that 
much of the test program was run on the lower operating line (refer to 
Figure 24) to reduce the relative broadband levels and better reveal the 
tonal characteristics. This is particularly true for the treated inlet cases 
where the effectiveness of the treatment made analysis of the fan tonal con- 
tributions on the elevated or design operating line more difficult. 

The broadband effect was demonstrated to follow the trends of Refer- 
ence 14, while the tonal contributions were also impacted by this alteration 
of the fan operating line, Ttie effect on the tonal contributions may be 
viewed in terms of the propagation of various duct modes. The determination 
of modal cut-off frequencies needs to be considered in terms of the axial Mach 
number influence. A plot of the cut— on duct mode map is displayed in Fig- 
ure 51. The aerod 3 mamic measurements described in Section 4.2 were utilized 
as input in the computation of this modal coupling map. To the left of the 
lines graphed, pressure patterns generated at the fan face are exponentially 
attenuated and do not propagate as was shown in Reference 7. But to the 
right, the duct would allow these pressure patterns to be transmitted forward 
without exponential attenuation in the absence of acoustic treatment on the 
duct walls. Hence, even in a hard-walled duct, significant differences in 
the propagating modes may be created by the operating line influence as shown 
in Figure 51. Note that the lower operating line that generates less broad- 
band noise produces more propagational duct modes at a given corrected engine 
speed condition^ Thus, if fan j'nteraction is producing patterns with 
these characteristics, the potential for higher modally generated fan tone 
noise exists. This effect was investigated as part of the test program. 


4.4.1 Straight Hard-wall Diffusing Inlet 

A test of the effect that the fan operating line has on the system noise 
parameters for a straight diffusing hard-wall inlet was performed at the NASA- 
ARC outdoor test site. The tests were performed back-to-back with the TCS 
installed in order to control the turbulence-related tonal components as dis- 
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Figure 49, Comparison of Wind Tunnel and Outdoor TCS BPF Directivity at 
Subsonic, Transonic, and Supersonic Tip Speeds, Straight 
Hard-Wall Diffusing Inlet. 
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Figure 50, Comparison of Wind Tunnel and Outdoor TCS BPF 
Directivity at Subsonic, Transonic, and 
Supersonic Tip Speeds, Curved Treated 
Diffusing Inlet, 
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Figure 51. Duct Modal Coupling Map. 


cussed previously. The scaled PNL and OASPL results are presented for sub- 
sonic, transonic, and supersonic fan tip speed points in Figures 52 and 53. 
The forward quadrant noise levels are noted to be Lowered fairly uniformly 
independent of speed for the lowered operating line. 

The upper operating line was generated by inserting a wedge-shaped 
section at the inner diameter of the bypass duct acoustic treatment; conse- 
quently, the aft quadrant results are biased by this effect. Analytical 
estimates of an improvement in the operating line change indicate the broad- 
band noise level change should be on the order of 2.7 dB independent of 
angle. The forward quadrant results are of this order of magnitude. 

Comparative 25 Hz bandwidth narrowband results are presented in Fig- 
ures 54, 55, and 56. These figures show the dominant nature of the tonal 
components when the fan operating line is lowered and the broadband noise 
level is reduced. The results demonstrate the practicality of carrying out 
the major portion of the test program on the lowered operating line to detect 
the detailed nature of various inlet changes on the tonal components. 


4.4.2 Curved Treated Diffusing Inlet 

Results similar to those determined for the straight hard-wall diffusing 
inlet were measured for operating line changes associated with the curved 
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Figure 52. Scaled Perceived Noise Level Directivities for Two Fan 
Operating Lines. 
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Figure 53. Scaled Overall Noise Level Directivities for Two Fan 
Operating Lines. 
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Figure 54. Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Subsonic Tip Speed (Continued). 
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Figure 54, Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Subsonic Tip Speed (Concluded). 
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Figure 55. 
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Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Transonic Tip Speed (Continued). 
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Figure 55. Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Transonic Tip Speed (Concluded). 
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Figure 56. Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Supersonic Tip Speed. 
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Figure 56. Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Supersonic Tip Speed (Continued). 
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treated diffusing inlet case in the wind tunnel. The scaled PNL and OASPL 
results are shown in Figures 57 and 58 with actual narrowband spectral infor- 
mation presented in Figures 59, 60, and 61. The normalized spectral differ- 
ences are presented in Figure 62 where forward quadrant differences are about 
3 dB independent of engine speed. 

The tonal differences are shown in Figure 63 using a BPF directivity for- 
mat. These plots indicate that at lower subsonic speeds the lower operating 
line produces less tonal noise; however, at the transonic speed the lower 
operating line yields a higher tonal contribution consistent with the duct 
modes in the engine speed region being cut on for the lowered operating line 
but cut off for the design operating line. 


4.5 SUPPRESSION EFFECTS ON INLET RADIATED FAN NOISE 


The major suppression effect investigated during the conduct of this test 
program was the inlet acoustic suppression attributable to acoustic treatment 
in the diffusing section of the inlet. The treatment utilized, and described 
in Section 3.0, was selected to be effective in suppressing the fan BPF tonal 
component. The other inlet suppression effect studied to a lesser degree was 
the acceleration suppression achieved by the diffusing nature of the inlet. 


4.5.1 Inlet Treatment 

The effectiveness of the inlet treatment on system noise parameters is 
displayed in Figures 64 and 65. The treatment was designed to be most ej^ec- 
tive in attenuating the sideline propagation of fan tone noise. This is best 
demonstrated at the supersonic speed where differences of 5 PNdB are noted in 
the 60“ to 90“ angular range. At subsonic and transonic speed points, differ- 
ences of 3 PNdB are typical in this sideline angular range. 

Although the system noise suppressions displayed are rather modest, the 
impact on the fan tone noise was substantially greater. Narrowband spectra 
are shown in Figures 66, 67, and 68 where the impact on the tono is illu- 
strated. Utilizing the normalized narrowband differencng technique, described 
in Section 4.1.4, typical narrowband spectral differences at selected angles 
are seen in Figure 69. The effectiveness of the acoustic treatment is appar- 
ent from the results displayed in this manner. 

The BPF directivities for the untreated and treated cases are displayed 
in Figure 70. The sideline attenuation effectiveness is dramatically demon- 
strated by these plots, as up to 20 dB tonal suppression is observed in the 
60“ to 90“ angular range. 

4.5.2 Inlet Acceleration Suppression 

The suppression attainable due to inlet flow acceleration effects are 
examined in Figures 71, 72, and 73. These figures present the scaled PNL, 
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Figure 57. Scaled Perceived Noise Level Directivities for Two Fan 
Operating Lines. 
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Figure 58. 


Scaled Overall Noise Level Directivities for Two Pan 
Operating Lines. 
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Figure 59. Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Subsonic Tip Speed. 
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Figure 59. 


Comparison of Narrowband Spectra for Two Pan Operating 
Lines at Subsonic Tip Speed (Continued). 
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Figure 60. Comparison of Narrowband Spectra for Two Pan Operating 
Lines at Transonic Tip Speed. 
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Figure 60, Comparison of Narrowband Spectra for Two Fan Operating 
Lines at Transonic Tip Speed (Continued). 
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Figure 60. Comparison of Narrowband Spectra for Two Pan Operating 
Lines at Transonic Tip Speed (Concluded). 
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Figure 61. Comparison of Narrowband Spootrn for Two Pan Operating 
Lines at Supersonic Tip Speed (Concluded). 
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Figure 62, Normalized Narrowband Spectral Differences Between 
Fan Operating Lines. 
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Figure 63. Narrowband RPP Directivities (Concluded) 
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Figure 64. Scaled Perceived Noise Level Directivities for Subsonic, 
Transonic, and Supersonic Tip Speeds. 
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Figure 65. 


Scaled OASPL Directivities for Hard-Wall and Treated 
Straight Diffusing Inlet. 
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Figure 66. Comparison of Narrowband Spectra for Treated and Hard- 
Wail Configurations at Subsonic Tip Speed (Continued). 
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Figure 67. Comparison of Narrowband Spectra for Treated and Hard- 
Wall Configurations at Transonic Tip Speed. 
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Figure 67. Comparison of Narrowband Spectra for Treated and Hard- 
Wall Configurations at Transonic Tip Speed (Continued), 


123 


25 Hz SPL, dB re 20 JiPa 


ORIGINAL PAGE IS 
OF POOR QUALITY 


• 70® Noise Emission Angle • 80 Knots Wind Tunnel 

• 14 » 5 Foot Microphone • Lower Operating Line 

• Straight Diffusing Inlet 
e Vt « 335 ra/s (1100 ft/s) 



Figure 67. Comparison of Narrowband Spectra for Treated and Hard- 
Wall Configurations at Transonic Tip Speed (Concluded). 
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Figure 68, Comparison of Narrowband Spectra for Treated and Hard- 
Wall Configurations at Supersonic Tip Speed. 
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Figure 71. Scaled PNL Directivities for Diffusing and Cylindrical Inlets 
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Figure 71. Scaled PNL Directivities for Diffusing and 
Cylindrical Inlets (Concluded). 
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Figure 72, Scaled OASPL Directivities for Diffusing and 
Cylindrical Inlets. 
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Figure 72. Scaled OASPL Directivities for Diffusing and 
Cylindrical Inlets (Concluded). 
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Figure 73. Scaled BPF 1 /3-Octave-Band Directivities for Diffusing 
and Cylindrical Inlets (Concluded). 
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OASPU, and BPF l/3-octave results at comparable speed points for cylindrical 
and diffusing hard-wall Inlets, No differences are observed at lower subsonic 
fan tip speeds, However, at supersonic fan tip speeds consistent with throat 
Mach numbers greater than 0,55, a difference on the order of 2 dB is observed. 
This result is consistent with the earlier findings in Reference I, which 
demonstrated significant flow acceleration suppression effects at throat Mach 
numbers in the 0,62 range. 


4,6 INLET DESIGN INFLUENCE ON ACOUSTIC CHARACTERISTICS 


Typical wing-mounted aircraft engines possess inlets that are canted 
downward relative to the rotational axis of the engine. This canting im- 
proves the installed aerodynamic performance of the engine, although it 
creates a circumferentially nonuniform static pressure distribution at the 
rotor face. The acoustic impact of this static pressure distortion, and its 
dependence on the flow turning in the inlet diffusing section, was investi- 
gated as part of this test program. Three inlets were tested to perform this 
assessment; a straight diffusing inlet, a conventionally canted Inlet, and 
an inlet aerodynamical ly designed to reduce fan face static pressure distor- 
tion yet achieve the performance benefits of a canted inlet (i.e., a curved 
centerline inlet). 


4.6.1 Comparison of Canted and Straight Inlet Acoustic Results 

The results of earlier testing using a canted cylindrical inlet were re- 
ported in References I and 2, Two distinct differences between this test pro- 
gram and the former testing should be noted. One difference is that the latter 
testing utilized a diffusing inlet design [refer to Figure 7(a)] typical of 
conventional commercial engines rather than the nondiffusing cylindrical inlet 
geometry used in the previous test series shown in Figure 74. The other major 
difference is that testing was performed using an acoustically treated inlet 
as opposed to the untreated inlet. The prior results (sas Figure 75) indi- 
cated a large increase in the sideline-radiated BPF 1/3-octave band noise for 
the canted cylindrical inlet relative to the straight cylindrical inlet. This 
increase occurred in the high subsonic and transonic speed ranges and was 
attributed to the static pressure distortion at the fan face. Refer to Figure 
74(b). Tlie reason this increase occurs at only these speeds is associated 
with the circumferential distortion, measured using wall static pressure taps, 
which induced a 1/rev fan blade loading functional generating a 27th order 
duct mode. The 27th duct mode becomes propagational at this high subsonic/ 
transonic speed range as shown in Figure 51. It is postulated that as the 
fan tip speed becomes more supersonic, the rotor alone potential field becomes 
a substantially stronger noise source and masks the distortion noise making 
the BPF 1/3-octave band directivities comparable again. 

Results of the straight and canted diffusing inlets are also presented 
in Figure 75 at similar fan speed ranges to those of the earlier tests. These 
results Indicate substantially less difference in this high subsonic/transonic 
speed range. The diffusing treated results also are significantly lower than 
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Figure 75. Blade-Passing Frequency, 1 /3-Octave-Band Noise Directivity for 
Baseline and Drooped Baseline Inlets, Straight Diffusing and 
Canted Diffusing Inlets. 
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the nondiffusing hard-wall case as was reviewed in Section 4.5 dealing with 
inlet suppression. Hence, the treatment is believed responsible for the alle- 
viation of the substantial noise increase attributable to canting the inlet. 
Note that the static pressure distortion of the canted diffusing geometry was 
of the same order of magnitude as the canted cylindrical geometry shown in 
Figures 74(b) and 30. 

Narrowband results for the earlier canted inlet tests in the high sub- 
sonic/transonic fan tip speed are displayed in Figure 76. Similar comparative 
narrowband results for the straight and canted diffusing inlet geometries are 
presented in Figures 77 to 79. The narrowband tonal results represent single- 
point angular raeasuremets; thus, better definition of the angular distri- 
bution of tonal energy is obtained using the traverse microphone data in con- 
junction with a tracking filter tuned to the BPF tone. 

Figure 80 presents the BPF directivities' various engine speed points 
for the diffusing inlets. These results were obtained using a 50-Hz band- 
width tracking filter. Tliis technique was chosen to present the data, since 
the treatment effectiveness reported previously reduced tone levels so that 
tonal contributions to the BPF 1/3-octave band (as in Figure 75) were typ- 
ically negligible. The results in Figure 80 demonstrate a somewhat similar 
trend to that formerly observed by the canted cylindrical testing. The noise 
level increases in the 60“ to 90“ sideline sensitive region for tip speeds in 
the transonic range. However, this region is also the region of peak acoustic 
treatment effectiveness, hence, the impact of Chis distortion noise source 
is greatly diminished. The peak sideline noie»a levels occur at much shallower 
angles where lower-order duct modes unrelated to the static pressure distor- 
tion would be increased. A study of the propagation of these lower-order 
duct modes is discussed in Reference 15. 


4.6.2 Effect of Curved Inlet Design 

The design premise of the curved inlet was to improve the fan face 
static pressure distortion as previously discussed. The aerod 3 mamic improve- 
ment achieved was reported in Section 4.2. Another indirect measure of the 
potential abatement of this purported noise source mechanism are the enhanced 
waveform results of the BMT's and their harmonic spectra. These results are 
shown in Figure 81. The harmonic results for the first 50 contributions to 
the shaft-related revolutions are presented in this figure. It is noted that 
in the canted case, the l/rev harmonic contribution is significantly higher 
than the straight and curved cases. This result is also observed directly by 
inspection of the waveforms displayed. 

Another feature that is obvious from the waveforms is the importance of 
the 6/rev harmonic component. This component is apparently attributable to a 
six-strut assembly which forms the structural main frame, and providtjs a 
strong potential field seen by the rotor blades. The noise from this distor- 
tion component was discussed in References 3 and 4. An interesting result is 
observed with regard to the 6/rev component. The inlet geometry appears to 
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Figure 76. Narrowband Spectra for Baseline Inlet and Drooped Baseline 
Inlet at V-p = 344 ra/s (1129 ft/s). 
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Figure 77 . Comparison of Canted and Straight Diffusing Treated Inlet 
Narrowband Spectra at Subsonic Tip Speed. 
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Figure 77. Comparison of Canted and Straight Diffusing Treated Inlet 
Narrowband Spectra at Subsonic Tip Speed (Continued), 
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Figure 78. Comparison of Canted and Straight Diffusing Treated Inlet 
Narrowband Spectra at Transonic Tip Speed. 
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Figure 78, Comparison of Canted and Straight Diffusing Treated Inlet 
Narrowband Spectra at Transonic Tip Speed (Continued). 
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Figure 79. Comparison of Canted and Straight Diffusing Treated Inlet il 

Narrowband Spectra at Supersonic Tip Speed (Concluded). I 
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Figure 80. Comparison of BPF Directivities for Straignt and Canted 
Diffusing Treated Inlets. 
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disrupt the uniformity of its waveform as further noted by the reduced har- 
monic amplitudes in the curved and canted cases compared to the straight 
inlet case. 


The variation of various BMT harmonic components with engine speed is 
displayed in Figure 82 for the canted and curved inlet cases, The results 
were obtained tracking the output of the BMT G signal during an engine speed 
acceleration. This inboard location was chosen for presentation since its 
enhanced and averaged spectral components for these harmonics were the same. 

At other BMT’s closer to the tip, differences of greater than 12 dB were ob- 
served between canted and curved 1/rev components compared to the 7 dB in 
the BMT G case. The second harmonic is also noted to be higher for the canted 
case with the 6/rev contributicn fairly similar. 

More detailed studies are needed to quantify the 6/rev contribution 
since the outboaA;d transducers and waveforms did indicate differences as 
shown in Figure 81 . 


Comparative scaled PNL and OASPL results for typical subsonic and tran- 
sonic fan tip speed ranges are exhibited in Figures 83 and 84. The results 
indlwite a systematic reduction in acoustic emission among 
and straight treated diffusing inlets. The improvement is 
attributable to the scaled BPF l/3“0ctave band as shown in 
of the narrowband spectra for the curved and canted inlets 
ures 86 through 89 for outdoor testing on the design operating line. Th<| 
lowered operating line results can be compared using Figures 59-61 and 7T 


the canted, curved, 
not always directly 
85. Details 
shown in Fig- 


t?-i 


are 


79. 


The comparison of the canted and curved inlet BPF directivities measured 
in the wind tunnel is accomplished using Figures 63 and SO. The results $ > 
relatively small differences in the 60"-90“ sideline region v;ith the curved 
inlet producing lower levels at the transonic speed point. The curved inlet 
did produce higher tone levels in the 10“-40“ region at the transonic speed 
po int . 

The outdoor BPF tonal components are again compared using a 50-Hz track- 
ing filter technique with the results presented in Figure 89. No systematic 
trends are observed to suggest the dominance of a part.’.^ular BMT harmonic 
component or duct mode. Generally, the 60‘’-90° sideline region is composed 
of a broader lobe in the canted case and more well defined multiple lobes in 
the curved case. This finding suggests the propagation of lower order modes 
in the curved case and higher order modes in the canted case. 


The effect of small angle of attack changes on the curved inlet BPF were 
relatively insignificant. Figure 90 exhibits the differences in BPF direc- 
tivities for 0" and 5“ angles of attack at an engine speed of 12,000 rpra. 

The results are also indicative of the reproducibility the wind tunnel direc- 
tivity patterns exhibit during repeats of the same test condition. 
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Figure 82. Blade Loading Harmonics. 
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Figure 83. Comparison of Curved, Canted, and Straight Diffusing Treated 
Inlet Perceived Noise Level Directivities. 
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Figure 84. Comparison of Curved, Canted, and Straight Diffusing Treated 
Inlet Overall Noise Level Directivities. 
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Figure 85. Comparison of Curved, Canted, and Straight Diffusing Treated 
Inlet 1 /3-Octave-Band BPF Level Directivities. 
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Figure 86, Comparison of Canted and Curved Diffusing Inlet Narrow- 
Band Spectra at Subsonic Tip Speed. 
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Figure 86. Comparison of Canted and Curved Diffusing Inlet Narrow- 
Band Spectra at Subsonic Tip Speed (Continued). 
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Figure 86. Comparison of Canted and Curved Diffusing Inlet Narrow- 
Band Spectra at Subsonic Tip Speed (Concluded). 
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Figure 88. Comparison of Canted and Curved Diffusing Inlet Narrow- 
Band Spectra at Supersonic Tip Speed. 
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Figure 88. Comparison of Canted and Curved Diffusing Inlet Narrow- 
Band Spectra at Supersonic Tip Speed (Concluded). 
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Figure 89. Comparison of BPF Directivities for Canted and Curved 
Diffusing Treated Inlets. 
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Figure 90. Curved Diffusing Treated Inlet BPF Directivity Pattern. 


170 



original page is 

OF POOR QUALITY 


5.0 RECOMMENDATIONS AND CONCLUSIONS 


This report is comparative in nature because the data analyses were per- 
formed to detect differences between conf iguraf:ions as opposed to the objec- 
tive of determining absolute values such as in the certification of an air- 
craft engine configuration for use in commercial service. This perspective 
aligns with the research orientation of the test program and allows specific 
comparative conclusions to be reached. The general areas on which specific 
comments are made coincide with the topics discussed in the last four sub- 
sections of Section A.O. 


5.1 FAN NOISE TESTING TECHNIQUES 

Ground-based static testing without a turbulence control device has been 
shown by many investigators, and reaffirmed in this study, to produce fan tone 
levels much higher than those measured using a turbulence control device. The 
use of a Turbulence Control Structure (TCS) in the static test program defi- 
nitely reduced the fan noise level; however, the question of how well the TCS 
performs in the area of reproducing an accurate flight turbulence environment 
remarns. Also, the xssue of tr atiSTuXSS ion loss through the TCS is raised as a 
result of some differences observed in comparative broadband spectra. At fre- 
quencies above 5 kHz, broadband levels differ by the order of 1 to 4 dB be- 
tween TCS and non-TCS runs, with the greater differences occurring at higher 
frequencies . 


A comparison of the wind tunnel test results to those derived out-of- 
doors with the TCS forms a basis for assessing how well the outdoor testing 
with the TCS matches the acoustics measurements ootained in the 40 x 80 at a 
tunnel velocity of 80 knots. This comparison at various engine speeds indi- 
cates that the broadband noise levels measured in the wind tunnel are higher 
than those obtained outdoors using the TCS. The increase is of the order of 
1 to 3 dB and is not well accounted for by the theories dealing with the wind 
tunnel to static transformations. The increase in noise levels can in part be 
ascribed to a term called ’’dynamic effect.” This finding provides a direct 
impact on how well dynamic effect corrections are utilized in making static- 
to-flight projections which can only be answered by flight testing. Should 
the flight data reproduce the wind tunnel data, then new dynamic-effect cor- 
rections to static data need to be applied to adequately and accurately esti- 
mate flight noise levels from statically measured noise quantities. 

Although the integrated level of the BPF .tone with the TCS installgd is 
in relative agreement with the wind tunnel results, fundamental diff erssnceg 
occur in the angular distribution of the tonal energy. 

A comparison of BPF tonal directivities suggests that redirection of the 
tonal sound energy is not directly associated with the use of the TCS. How- 
ever, the flow-field and lip shape differences between the outdoor static and 
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the wind tunnel configurations may cause more redistribution of sound energy 
than previously thought. The test results indicate that additional field 
testing of TCS devices with calibrated sources in flow environments should be 
accomplished along with theoretical studies which incorporate lip shape and 
flow-field effects into the problem of tonal radiation from ducts to assist in 
the resolution of these differences. 


5.2 FAN OPERATING LINE ACOUSTIC CONSIDERATIONS 

The testing of the JT15D on two operating lines demonstrated the impor- 
tance of this aerodynamic parameter in performing acoustic measurements. At 
comparable corrected speed points, broadband noise differences of approxi- 
mately 3 dB were measured as the fan's design operating line was reduced as 
shown in Figure 24. In addition, significant tonal differences were noted 
which could be attributed to the duct modal propagation effects. 


5.3 INLET SUPPRESSION EFFECTS 

The utilization of an advanced bulk absorber treatment design in a con- 
ventional aircraft inlet application was successfully demonstrated. Suppres- 
sions of up to 20 dB in the sideline fan 3PF directivity pattern were measured 
at certain engine speeds. The design was based on the duct modal propagation 
concept; thus, the treatment's effectiveness gives enhanced credibility to 
this theory of treatment design. The testing of the fan in environments where 
turbulence was controlled to the extent that lobular BPF directivity patterns 
were obtained also establishes renewed faith in some of the earlier theories 
dealing with modal radiation. 


5.4 INLET AEROACOUSTIC DESIGN CONSIDERATIONS 

The aerodynamic superiority of the curved inlet concept over the canted 
inlet concept for reducing static pressure distortion was clearly demonstrated. 
This improvement of up to 12 dB in the blade-measured, 1/rev dynamic pressure 
component did not produce a substantial acoustic benefit in the BPF far-field 
tonal directivity pattern. The apparent reason for this minimal benefit is the 
treatment effectiveness which suppressed the sideline acoustic radiation of 
high-order modal patterns such as those generated by the 1/rev static pressure 
distortion. Another interesting aeroacoUvStic phenomenon appeared as a result 
of the testing: The forward acoustic radiation at shallow angles actually in- 

creased as a result of using the curved inlet. Observation of the BMT result- 
ant enhanced waveforms, and spectra showed that the 6/rev component was some- 
what disrupted by the static pressure distortion imposed from the canted inlet, 
thereby diminishing its harmonic amplitude. So if the 6/rev component is a 
strong contributor to the BPF far-field radiation pattern, as has been sug- 
gested by other investigators, then the higher acoustic levels measured with 
the curved inlet at some speeds are potentially attributable to this source 
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mechanism. Attempts to isolate such an effect during the course of this pro- 
gram were limited, and more in-depth studies should be performed using computer J 

software specifically designed to evaluate this effect. The information con- 
tained on the BMT's may be a useful tool in this evalution. 

The overall conclusion in the area' of aeroacoustic design is that the I 

curved diffusing treated inlet demonstrated improvements on the order of only 
1 PNdB over the canted diffusing treated inlet in high subsonic speed ranges 
typical of a high-flap landing approach condition. The use of the curved in- 
let concept, coupled with the advanced bulk absorber concept, effectively 
eliminated the high sideline acoustic levels reported previously in the un- 
treated nondiffusing canted case. A tradeoff between the use of the curved 
inlet concept and the shorter treated inlet design may be available as a re- i 

suit of this finding. The inlet design apparently impacted other aeroacous- 
tically related quantities as indicated by the alteration in the fan-blade- 
measured 6/rev component attributed to the potential field from the six engine 
support struts. 
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